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Interestingly, XPS analysis strongly confirmed that decomposition of oxygen functional groups and BCO 2 bonds formation occur at the same time. Figure S3a ). Since there could be IR elements induced by IPL irradiations, temperature was measured into the air 4 cm below the lamp under various IPL conditions. Even though there are some noise elements generated as IPL flashes, it was found that effects of the IPL irradiation on measurement in temperature were negligible ( Figure S3b ).
At first temperatures were obtained with the emissivity value of the IR sensor set at 1.00.
To identify the emissivity of GO, we measured temperature values (245 °C) on hot plate and (235 °C) on the surface of GO. Then, the emissivity of GO was calculated by the following equation ,where is measured temperature values of GO when is set at 1.00, is a temperature of hot plate, indicates IR sensor detectable wavelength of 2.3 μm, and means second radiant constant 14,388 μm/K. As a result, is estimated to be 0.79 which is analogue to the emissivity of carbon based materials such as carbon nanotubes, reduced graphene oxides, and graphite [1] [2] [3] [4] . Therefore, we introduce 0.79 as the corrected emissivity to correct the firstly measured values with the emissivity value set at 1.00.
However, the emissivity of GO will constantly be changing, depending on the reduction degree and the doping condition. The emissivity value will not be constant in any possible case, leading to a possible error in the temperature calculation. Even though the occurrence of an error is possible in the temperature calculation, it is confirmed that direct temperature measurement by the IR sensors can give unlooked-for information (e.g. shoulder regions which are related to chemical reactions such as main reduction temperature range and doping source evaporation). In particular, it should be noted that detecting shoulder peaks is almost impossible for simulation approaches that predict temperature.
Multiple shots were used for an in-depth study of how the doping and reduction reactions progress. However, as a single shot with relatively high energy can achieve both the reduction and doping process during the irradiation time, the pulse repetition rate was not considered in depth. Despite that, it is believed that the heat accumulation effect can be utilized in various ways with multiple shots. In addition, it is noteworthy that a full charging of the capacitors in intensive pulsed light (IPL) takes longer than 1 s after light is generated via discharging the capacitors. Therefore, to induce a light source with the same energy density, capacitors should be fully charged, meaning that the interval between each pulse should be longer than 1 s.
However, according to Figure 1e in the manuscript, the next pulse should be generated within 30 ms for the heat accumulation effect. Hence, the fact that each light pulse shorter than the cooling time (< 30 ms) has a different energy density should be taken into account for the multiple shot strategy Note that even though some of the light energies are estimated to be lower than the cases in Figure S5 , temperature increased higher than them. It can be explained by spectrum change of light generated from the IPL equipment. The spectrum of light differs on IPL conditions. Therefore, light aborption can be enhanced, leading to higher temperature increase with lower light energy. Another possible reason is voltage drop from capacitors in the IPL equipment.
Light energy is normally determined by two main factors: voltage stored in capacitors and ontime. To induce higher energy, the voltage in capacitors should be increased and longer ontime has to be set up. In this case, higher voltage and short on-time were used, leading to the dramatic voltage drop even in a short time. Therefore, it is likely that light having larger energy than estimated energy is generated from IPL. From the XPS data, it was confirmed that the oxygen content could be tuned by modulating the IPL conditions. Figure S8 shows high-resolution spectra in the vicinity of the C 1s for GO, BA@GO, and B@rGO, which were subjected to photothermal treatment under various conditions. As the process proceeds, the peak intensity of the C-O bond (red line) gradually decreases, implying that stepwise reduction of GO occurs under IPL conditions. Given that the content of oxygenated functional groups, including the C-O bond, can represent their functionality, especially under the humid conditions in this study, it is believed that the oxygen content and functionality of the samples can be controlled in the proposed IPL synthesis by modulating the IPL conditions. 
Preparation of cPI film:
To prepare CPI film, The PAA solution was made by dissolving 0.56 g of APS and 1.023 g of 6FDA in 3.5 g of DMF solution. After that, the mixture was stirred at 500 rpm with a magnetic stirrer for 5 h at room temperature. The uniformly dissolved PAA solution was bar-coated on glass substrates using a doctor's blade. Finally, the CPI film was obtained after imidization through a series of heat treatment at 100, 200, and 230 °C for 1 h at each temperature in a box furnace. The ramping rate was kept at 2 °C min -1 . After the annealing process, the CPI film formed on glass substrates was kept in DI solution for exfoliation from the glass substrates for 10 hours.
It indicates that an irradiation with energy of 5.6 J cm -2 induced temperature high enough to deform the substrate while the substrate treated with energy of 1.1 J cm -2 was not melt and wrinkled. Therefore, even though temperature rise up to 1600 °C doping and reduction even on flexible polymer substrates were achieved without damages to the substrates. The D band peak at ca. 1350 cm -1 indicates the disorder and defects in graphene while the G band peak at ca. 1600 cm -1 relates to the carbon sp 2 bondings in the GO sheets [5] . The Raman spectrum of GO exhibits an intense D peak and G peak at 1346 and 1604 cm -1 , respectively. Similarly, the Raman spectrum peaks of rGO and B@rGO were found at 1344 cm -1 and 1350 cm -1 for D peak and at 1602 cm -1 and 1604 cm -1 for G peak, respectively, suggesting that no significant shifts or peak broadening was confirmed after B doping. The 
